Objectives: Out-of-hours (OOH) services provide access to healthcare outside normal office hours, but the waiting time can sometimes be long. All callers must wait in the telephone queue, even if the health problem is urgent or life-threatening. We tested an emergency access button (EAB), which allowed callers with perceived severe health problems to bypass the queue. We aimed to investigate the severity of the health problems and the relevance of EAB use (assessed by triage professionals). Additionally, we aimed to calculate the number of suspected acute myocardial infarctions (AMI) and ambulance dispatches. Design: Descriptive study of a randomized intervention. Setting: OOH services in two major Danish healthcare regions. Subjects: 217,510 callers participated; 146,355 were randomized to intervention, and 6554 of 6631 (98.8%) questionnaires were completed by OOH triage professionals. Intervention: An EAB allowing randomly selected callers to bypass the telephone queue. Main outcome measures: Severity of contact and relevance of EAB use. Number of suspected AMIs and ambulance dispatches. Results: In both settings, contacts with EAB use concerned significantly more severe health problems than contacts without EAB use (p < 0.001). Triage professionals rated EAB use as "not relevant" in 23% of cases. Significantly more EAB users (10.4%) than EAB non-users (3.3% with EAB option and 1.7% without EAB option, p < 0.001) had a suspected AMI. Conclusions: We found higher proportions of severe health problems, suspected AMIs, and ambulance dispatches among EAB users. Only 23% of EAB use was rated "not relevant". This suggests that the EAB is used as intended.
Introduction
Many countries have out-of-hours (OOH) primary care services, emergency departments (ED), and Emergency Medical Dispatch Centers (EMDC-112) [1] [2] [3] . Although these target different healthcare needs, they tend to have partly overlapping patient populations.
A Danish study found that approximately 6% of all patients calling a regional OOH primary care service estimated their condition as highly severe or potentially life-threatening, whereas general practitioners (GPs) assessed that 4.5% of callers had a highly severe condition [4] . Studies on urgency levels in the OOH services have shown that 1.3-9.0% of calls are triaged directly to immediate ambulance care [5] [6] [7] [8] .
Nevertheless, approximately 20% of calls to the EMDC-112 are not relevant for ambulance care [9] . A gray zone thus seems to exist for some patients who may not have contacted the most appropriate service and may suffer because of prolonged waiting time.
The OOH services in Denmark can have telephone waiting times of more than 25 minutes in peak hours (personal communication with staff at the two Danish OOH services explored in this study). Studies have shown that patients with acute myocardial infarction (AMI) who rapidly receive reperfusion therapy have smaller infarct size and lower mortality than patients experiencing treatment delays [10, 11] . An option to bypass the telephone waiting line at the OOH service could help ensure that citizens who need immediate medical attention get the right help from the right healthcare professional sooner.
The option to bypass the telephone queue is inspired by a similar option in the Netherlands, but little is known of the extent of use, its effects and the relevance of use [3, 12, 13] . We have implemented an Emergency Access Button (EAB) at the OOH service in two Danish regions to test its use and feasibility. Approximately 3% of callers chose to use it and bypass the waiting line [14] . In this paper, we aimed to investigate the extent to which this EAB use is perceived as relevant by the triage professionals and to investigate differences in relevance of EAB use and severity of health problems between the two settings. We hypothesize that the reasons for calling are more severe among EAB users than EAB non-users. Furthermore, we aimed to explore if EAB users aged 40þ years were more often suspected of AMI and more often received ambulance care as these two outcomes were considered a proxy for relevant use of the intervention.
Material and methods

Design and setting
We conducted a randomized intervention trial at two OOH services using telephone triage: the general practitioner cooperative (GPC) in the Central Denmark Region and the medical helpline 1813 (MH-1813) in the Capital Region of Denmark. These two settings differ on waiting time (GPC mean: 71 sec, ICI: 25%;75%: 11;215 sec; MH-1813 mean: 153 sec, ICI: 25%;75%: 12;420 sec) and on educational background of the triage professionals [12] . In this paper, all employees performing triage at these two call centers are collectively referred to as triage professionals.
The OOH service in Denmark is run by GPs organized in large-scale GPCs in four of the five Danish regions [15] . The fifth region has MH-1813, which serves as a publicly run call center using triage by nurses (approx. 80%) and medical doctors with various specialties or in specialty training. The OOH service provides immediate access to healthcare outside normal office hours, i.e. between 4 p.m. and 8 a.m. on weekdays and during all weekends and holidays [15] . Depending on the nature and severity of the presented health problem, different types of care are provided: telephone advice, clinic consultation or home visit (by a doctor), or direct hospital admission by ambulance [14] .
All citizens calling the OOH service must wait in queue, regardless of the health problem. The only other option for getting immediate help is the EMDC-112, which is intended for life-threatening situations that require immediate medical response (e.g. ambulance dispatch).
Intervention
All callers were informed of the project and given the opportunity to decline participation through an automated answering service. All callers were also informed of the estimated waiting time. Participants were randomized into two arms based on their date of birth: opportunity to use the EAB option (even date) or regular service (uneven date) (see Figure 1) . Callers randomized to the intervention arm could bypass the telephone waiting line by pressing "9". The message in Danish on the answering machine corresponded to the following: "If your condition is so severe that you find it necessary to get through straight away, you may press 9 and get first in line. Otherwise please wait". Bypassing the telephone waiting line meant jumping to the front of the digital queuing system and becoming next in line to talk to a triage professional.
Power calculation
The study size was based on the number of completed caller questionnaires needed to ensure sufficient data on satisfaction with the EAB and the contact with the OOH service (not reported here). We needed approximately 300 respondents per group to detect a mean difference of .3 on a 5-point Likert scale, assuming a standard deviation of 1, a significance level of 5%, and a power of 95%. The expected response rate was approx. 35%, and we thus needed to include around 1000 callers per group per setting.
Data collection
Questionnaire data from triage professionals were collected from 4 September to 30 November 2017 in both settings. We included three study groups: no EAB option, EAB option not used, and EAB option used. During the first eight weeks, all data on the "no EAB option" and "EAB option not used" groups were collected. The data for the" EAB option used" group were collected through the entire study period to obtain the estimated 1000 respondents per group from each setting.
We used pop-up questionnaires on the work stations of the triage professionals. To ensure that the triage professional was "blinded" during the call, the questionnaire did not emerge until the call had been ended. This method has proven feasible for collecting data in earlier studies [4, 12, 16, 17] . In the GPC, the triage professional could decline participation in the study when logging in, whereas participation was mandatory in MH-1813. In both settings, the triage professional could decline completing a questionnaire after having agreed to participate in the study. Nonparticipating triage professionals could talk to callers who chose to use the EAB, but they did not get a pop-up questionnaire.
Exclusion and inclusion
All callers and triage professionals were invited to participate in the study period. No questionnaires filled in by triage professionals were excluded from the analyses. Included subjects are shown in Figure 1 . Intervention: Option to use the Emergency Access Button (EAB)
Questionnaires presented to triage professionals (n=2432)
No EAB option
Questionnaires presented to triage professionals (n=2,235)
No EAB use EAB use 
Questionnaire and definitions
The questionnaire for triage professionals was developed based on previous studies, literature study, and internal feedback rounds using the extensive experience of the author group with OOH service research and clinical triage work. We received external feedback on the wording and the clinical relevance of the questions from five triage professionals in the GPC and MH-1813. We also performed a two-week pilot test at the beginning of 2016 [12] , which provided us with feedback from triage professionals who had completed the questionnaire.
The questionnaire contained six questions concerning callers who had used the EAB and five questions concerning callers who had not used the EAB. Four questions (severity of problem, presented symptoms, suggested diagnosis, new or chronic disease) came from an earlier study at the GPC [16] . Two new questions on the relevance of EAB use were developed. These incorporated two types of relevance: strictly medical relevance and relevance seen from an overall perspective. The medical necessity of bypassing the queue was assessed on the basis of the presented symptoms. The relevance seen from the overall perspective was based on the patient's overall situation (i.e. symptoms and social or personal motivation). An English version of the questionnaire is available in Appendix 1.
The questions regarding symptoms and probable diagnosis were answered in the pop-up questionnaire by the triage professionals in the GPC, whereas the triage professionals in MH-1813 entered an ICPC-2 code [18] as a standard procedure. We defined "suspected AMI" as a call resulting in ambulance dispatch for a patient older than 40 years for whom the triage professional had answered "suspected AMI" or entered ICPC-2 code K1, K2, K3, or K75 [18] . If a diagnosis was missing, we searched the electronic patient record for entries made by the triage professional stating "heart related chest pain", "suspected AMI", or similar unambiguous descriptions of an AMI. All typedin answers were proofread by a medical doctor (JFE).
Analyses
We used the Pearson chi-squared test to compare the distribution of sex and age for all three groups, stratified for setting and to analyze if any differences were seen in the distribution of severity and relevance of contacts (measured on a 5-point Likert scale) between the settings and the groups in each setting. We computed a corrected group called "EAB offered (corrected)" that accounted for the fact that we only had information on a random sample (approximately 3% as this was the fraction that used the EAB (14)) from the" EAB offered not used group". To test for homogeneity in the distribution of severity, suspected AMI and ambulance dispatch between the "EAB offered" and "EAB not offered" groups, we used the Pearson Chi squared test with a Rao Scott second order correction.We used the Pearson Chi squared test to compare the binomial distribution of suspected AMI and ambulance dispatch for the three groups, No significant differences were seen in the distribution of sex in the GPC for the three groups. In MH-1813, the distribution of sex in the "EAB used" subgroup was significantly different from the other two groups (p < 0.001) when using the chi-squared test. The distribution of age groups was significantly different between all groups and settings when comparing individually using the chi-squared test, except between the "EAB not offered" and "EAB offered not used" groups in the MH-1813 (p ¼ 0.094). EAB: emergency action button; GPC: general practice cooperative (Central Denmark Region); MH-1813: medical helpline 1813 (Capital Region of Denmark); IQI: interquartile range.
stratified for setting. Stata 14 was used for the statistical analyses.
Results
In total, 217,510 of 353,310 (61.6%) callers chose to participate in the study. In total, 6631 participants were randomized to having a questionnaire about their contact triggered to triage professional. In MH-1813, all triage professionals participated. In the GPC, 834 of 1081 (77.1%) EAB users talked to a participating triage professional. A high response rate was seen among participating triage professionals in both settings: 3220/3270 (98.5%) in the GPC and 3334/3361 (99.2%) in MH-1813 (Figure 1) . Table 1 shows the characteristics of patients for whom the triage professionals completed a questionnaire.
Patient characteristics
The distribution of sex in the two settings was similar, but slightly more males were seen among EAB users in MH-1813. Differences between the distribution of the age groups between GPC and MH-1813 were small but significantly different. The actual waiting time was more than twice as long in MH-1813 (153 sec.) as in the GPC (71 sec.) for all callers combined. The estimated waiting time (only available for MH-1813) was three times as long for EAB users (360 sec.) than for EAB non-users (120 sec.).
Severity
We found no significant differences in the severity between the groups that were not offered the EAB and the groups that were offered the EAB but chose not to use it regarding children in both settings and adults in MH-1813. However, the health problems in adults contacting the GPC without getting the EAB option were assessed as significantly more severe than the health problems in the group who did get the EAB option but chose not to use it (p ¼ 0.036) ( Table  2) . Callers who used the EAB were assessed to have considerable and significantly more severe health problems than the group who did not use the EAB and the group who did not get the option (combined: severe, potentially life-threatening adults EAB used: 18.5% vs. EAB not offered: 5.2% and EAB offered but not used: 4.8%; chi-squared test for distribution: p < 0.001). Results with less than five cases are not reported due to data protection regulations by the Danish Data Protection Agency. These cases are instead labelled "n < 5". In the "combined" section, this is also the case as a percentage would give away results labelled n < To account for the fact that we only had information on a random sample (approximately 3%) from the" EAB offered not used"-group we applied a sampling weight of approximately 33 in that group when we calculated the test-statistic. All distributions in the "EAB used" group are significantly different from the "EAB offered not used" and "EAB not offered" groups (p < 0.001), except from the "EAB not offered" group for children in MH-1813 (p ¼ 0.067). EAB: emergency action button; GPC: general practice cooperative (Central Denmark Region); MH-1813: medical helpline 1813 (Capital Region of Denmark).
Relevance
The triage professionals generally found EAB use to be more relevant for calls concerning adults than for calls concerning children. This trend was most profound for assessments based on medical relevance, but a similar trend was also seen for assessments based on the overall perspective. In both settings, calls regarding children were more often perceived as "not relevant" than calls regarding adults. In MH-1813, the proportion of "not relevant" EAB use was significantly higher than in the GPC (medical relevance: 50.2% vs. 35.6%, p ¼ 0.0035; overall perspective 33.0% vs. 22.8%; p ¼ 0.0262) ( Table 3) . Table 4 describes the number of suspected AMIs and ambulance dispatches. In the GPC, we identified 47/453 (10.4%) suspected AMIs in the group with EAB use, which was significantly more than in the group with EAB option and no use (3.3%) and the group without EAB option (1.7%) (p < 0.001). There was no significant trend regarding AMIs in MH-1813. Significantly more ambulances were dispatched in both settings to patients with EAB use compared to the other groups, which means that an EAB user was more likely to receive ambulance care compared to EAB non-users.
AMI and ambulance dispatch
Discussion
Principal findings
The level of perceived severity of the health problem was higher among EAB users than among EAB non-users. The triage professionals generally assessed the relevance of EAB use to be higher from an overall perspective than from a strictly medical perspective. Approx. 22-30% of EAB use was assessed as not relevant. In the GPC, the triage professionals suspected AMI in 10.4% of the contacts involving EAB use, which was significantly higher than in contacts without EAB use and contacts without the EAB option. Furthermore, in both settings, significantly more ambulances were dispatched for EAB users.
Strengths and limitations
Strengths of this study are the low risk of recall bias because the pop-up questionnaire was answered immediately after the contact and the high response rate among participating triage professionals (>98%). However, 22.9% of EAB users in the GPC talked to a triage professional who did not participate in the study, which resulted in missing questionnaire data and potential selection bias. Still, there is no indication that these callers systematically differ from the included callers because non-participation among triage professionals was distributed evenly in the study period. However, we cannot rule out that the non-participating GPs differ from the participating GPs in their assessment of severity and relevance. An additional factor that might have caused selection bias is that approximately 38.5% of callers declined participation. We have no background information on these patients, but our data (not presented) showed that proportionally more callers declined participation when calling within the first two opening hours (4-6 pm) on Monday to Friday when reasons for calling tend to be less serious [17] . However, some callers might have declined participation because of distress from a severe condition. Thus, non-participation could bias the results in both directions. Also, the internal validity of the study is strengthened, as the weighted group "EAB offered (corrected)" is not statistically significantly different from the "EAB not offered" group, meaning that selection bias in the randomized study groups is less likely. The triage professionals had different professional backgrounds in the two settings; GPs or doctors in their final year of GP training in the GPC and nurses or doctors of different medical specialties in MH-1813. These different backgrounds and levels of experience could have influenced their assessment of the level of severity and relevance, which might have led to the differences found between the two settings. Moreover, relevance seen from an overall perspective is a more subjective measure that encompasses the evaluator's empathy. However, it is difficult to declare a consistent difference between the staff at the two settings based solely on their profession.
Another source for potential bias could be that the triage professionals, when filling in the pop-up questionnaire, were given the information that the caller had either used or not used the EAB; this could have affected the triage professionals' assessment of relevance and severity. However, assessment bias could have gone in either direction.
The difference in the registration of a probable diagnosis (GPC: free-text format; MH-1813: registration of ICPC-2 code) may have resulted in registration of more symptoms than an actual diagnosis in MH-1813, which could have made it more difficult to identify documentation of a suspected AMI. Thus, underestimation of suspected AMI cannot be ruled out in MH-1813.
Findings in relation to other studies
Nørøxe et al. found that 23.7% of calls to the GPC in the Central Denmark Region were perceived as medically inappropriate by the triage professional [17] . This number aligns with the level of severity in calls to the GPC regarding adults who did not use the EAB (19.1-22.0% were assessed as "not severe") although a direct parallel cannot be drawn between the two terms. The distribution of the assessed severity of contacts to the GPC shows a similar trend as that found in a study from 2012 exploring the reasons for encounter in OOH primary care in the same region in Denmark [4] . However, far more calls were assessed as "not severe" in MH-1813; this was seen for both EAB users and non-users and for both adults and children (range: 27.3%; 47.0%). When pooled with the response option "ill, but not severely" (range: 52.3%; 83.9%), this proportion is comparable to the level of non-urgent calls in the recently launched NHS 111 in the UK, where an average of 79.0% of calls were classified as "non-urgent" [19] .
A clear trend in both settings was the percentage of "not severe" contacts and "not relevant" use of the EAB in calls regarding children aged <18 years; this was especially evident at MH-1813. The relatively higher percentage of non-severe/irrelevant contacts for children than for adults has also been reported in other studies on OOH services and emergency departments [2, 17, 20, 21] . In the GPC, the triage professionals suspected AMI in 13/392 (3.3%) callers aged 40þ years who were offered the EAB option without using it. Moth et al. found that AMI was suspected in 2.5% of individuals aged 51þ years [4] . However, among callers aged 40þ years who used the EAB, 10.4% had a suspected AMI. A Danish study from 2015 on contact patterns in the EMDC-112 found that 11% of contacts were due to "chest pain/heart disease" [22] . Pope et al. found that 11.3% of eligible calls to the NHS 111 resulted in emergency ambulance dispatch [19] . This resembles the number of ambulance dispatches that we found for EAB users (GPC: 12.3%; MH-1813: 14.3%).
Conclusion
This study shows that the EAB is mostly used in a relevant way. This finding is based on the evaluations made by the triage professionals and on the higher numbers of ambulance dispatches and AMIs among callers who used the EAB.
Implications for future practice
The EAB can provide faster access to health advice for those in need of immediate care. The option to bypass the queue can help service providers ensure that the patients most in need get help quickly, also during peak hours with long waiting time. Approximately 3% used the EAB [14] , and less than 1% of callers are thus expected to misuse the EAB option in the general population. We believe that our results justifies a recommendation of the EAB to be used in the Danish OOH services. Furthermore, we feel that our results could be generalized to other countries. Future research could explore the pathways of EAB users in terms of subsequent contacts to the healthcare system, future medical history, and mortality rates.
This project prompted MH-1813 to implement the EAB in the daily services from November 2018.
